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With the advent of personal digital assistants (PDAs) (103) having modems (225) 
for information, e.g., facsimile and/or data, transmission over wireless 
connections, as well as the capability (125) for voice communications, we have 
recognized that it is possible to communicate with a person, wherever they are, 
in whatever form is desired. In order to do so in a manner that simulates the way 
a person at a fixed location having a separate telephone, fax machine and data 
modem would communicate, we incorporate into a PDA a) a receiver (201) for a 
wireless actuation signal that indicates that a communication of some type is 
waiting for a called party; b) an outgoing connection origination unit 
(209,225,811) that establishes a connection from the PDA to the waiting 
communication; c) a discriminator (205) which makes a determination as to the 
type of communication that is waiting; and d) a selection unit (205) that routes the 
information signals received over the connection established by the PDA to an 
appropriate communication unit within the PDA, e.g., a fax modem, data modem 
(225), or voice communication unit (125), the appropriate communication unit 
being selected in response to the type of communication that was determined by 
the discriminator to be waiting. The PDA owner may optionally be alerted only 
when 1) an information transmission is successfully completed and the received 
information is waiting in the PDA for access by its owner, or 2) when a voice 
connection has successfully been established to the communication originator 
who continues to indicate a readiness to communicate. &lt;MATH&gt; 
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(54) Personal mobile communication system 


(57) With the advent of personal digital assistants 
(PDAs) (1 03) having modems (225) for information, e.g., 
facsimile and/or data, transmission over wireless con- 
nections, as well as the capability (125) for voice com- 
munications, we have recognized that it is possible to 
communicate with a person, wherever they are, in what- 
ever form is desired. In order to do so in a manner that 
simulates the way a person at a fixed location having a 
separate telephone, fax machine and data modem would 
communicate, we incorporate into a PDA a) a receiver 
(201 ) for a wireless actuation signal that indicates that a 
communication of some type is waiting for a called party; 
b) an outgoing connection origination unit (209,225,811 ) 
that establishes a connection from the PDA to the waiting 
communication; c) a discriminator (205) which makes a 
determination as to the type of communication that is 


waiting; and d) a selection unit (205) that routes the in- 
formation signals received over the connection estab- 
lished by the PDA to an appropriate communication unit 
within the PDA, e.g., a fax modem, data modem (225), 
or voice communication unit (125), the appropriate com- 
munication unit being selected in response to the type of 
communication that was determined by the discriminator 
to be waiting. The PDA owner may optionally be alerted 
only when 1 ) an information transmission is successfully 
completed and the received information is waiting in the 
PDA for access by its owner, or 2) when a voice connec- 
tion has successfully been established to the communi- 
cation originator who continues to indicate a readiness 
to communicate. 
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Description 

Technical Field 

This invention relates to personal communications 
using a portable communications device such as a per- 
sonal digital assistant and, more particularly, to systems 
for setting up communications between a caller and a 
called individual using a combination of paging and call 
bridging. 

Background of the Invention 

A problem with setting up telecommunications con- 
nections today is the difficulty of locating called individ- 
uals who are highly mobile. This problem is partially al- 
leviated by mobile telephone technology and radio pag- 
ing systems. In one prior art system, described in co- 
pending application Serial Number 07/842,685 assigned 
to the same assignee as the present application, a return 
telephone call is automatically placed from a personal 
communications unit of a called individual in response to 
a call from a caller and the called individual is alerted to 
the existence of the call placed to him only upon an in- 
dication that the call from the calling telephone remains 
in progress. This system assures the called individual 
that he will be connected to a call that continues to exist 
when the personal communications unit alerts so that he 
can speak to the calling party. 

However, not all communication is in the form of 
voice. People also require information communication, 
which includes facsimile (fax) and data transmissions. 
Thus, there is a need in the art to provide information 
communication anytime and anywhere. 

In one prior art solution for facsimiles, a facsimile 
transmitter initiates a call to the intended recipient's fax 
number, which is routed to a store and forward facsimile 
system. The facsimile system stores the transmitter's fax 
and then, in response to completion of the fax, transmits 
a paging signal to the pager of the intended recipient of 
the fax indicating that a fax is waiting. The paged recip- 
ient then proceeds to a facsimile machine which he uses 
to call into a predetermined number and retrieve his fac- 
simile from the store and forward facsimile system. 

Summary of the Invention 

With the advent of personal digital assistants (PDAs) 
and other portable communications devices having mo- 
dems for information, e.g., facsimile and/or data, trans- 
mission over wireless connections, as well as the capa- 
bility for voice communications, we have recognized that 
is possible to communicate with a person, wherever they 
are, in whatever form is desired. In order to do so in a 
natural manner, e.g., in a manner that simulates the way 
a person at a fixed location having a separate telephone, 
fax machine and data modem would communicate, we 
incorporate into a PDA or other similar portable commu- 


nication devices capable of receiving multimode calls, 
e.g., voice, facsimile, data, or a combination thereof, in 
accordance with the principles of the invention, a) a re- 
ceiver for a wireless actuation signal that indicates that 

s a communication of some type is waiting for a called par- 
ty; b) an outgoing connection origination unit that estab- 
lishes a connection from the PDA to the waiting commu- 
nication; c) a discriminator, which makes a determination 
as to the type of communication that is waiting; and d) a 

io selection unit that routes the information signals received 
over the connection established by the PDA to an appro- 
priate communication unit within the PDA, e.g., a fax mo- 
dem, data modem, or voice communication unit, the ap- 
propriate communication unit being selected in response 

15 to the type of communication that was determined by the 
discriminator to be waiting. If call screening mode is not 
active, the PDA owner may optionally be alerted only 
when 1) an information transmission is successfully 
completed and the received information is waiting in the 

20 PDA for access by its owner, or 2) when a voice connec- 
tion has successfully been established to the communi- 
cation originator who continues to indicate a readiness 
to communicate. If call screening is active, the PDA dis- 
plays an indication of the identity of the calling party so 

25 that the called party can decide if he wishes to commu- 
nicate with that person by having the call completed. If 
the called party decides he wishes to communicate with 
the calling party, he actuates the PDA which then con- 
tinues the above-described process. 

30 in accordance with an aspect of the invention, the 
PDA can include communication apparatus for access- 
ing communication channels otherthan telephone chan- 
nels, e.g., packet data channels. Optionally, if the caller's 
call is an information, i.e., data or facsimile, call, the PDA 

35 accesses the best type of channel, e.g., the lowest cost 
or highest bandwidth, as specified by the PDA owner, for 
retrieving the information and, accordingly, selects the 
proper data protocol. Any necessary protocol conver- 
sions are performed by one of the networks through 

40 which the information must pass. 

In a particular embodiment of the invention, the PDA 
includes a) a paging receiver that receives as part of a 
paging signal an indication as to which of a voice call, 
facsimile call or data call is waiting for a called party; b) 

45 an outgoing call placement unit that places a second tel- 
ephone call to connect the PDA directly, or through a de- 
lay unit, e.g., a store and forward unit, to the calling party; 
and c) a controller that determines whether the call is 
routed to the fax modem, data modem, or alerter and 

50 voice communication unit within the PDA, the determi- 
nation being based on the type of call that was indicated 
to be waiting by the actuation signal. 

In another embodiment of the invention, the paging 
signal does not indicate the type of call that is waiting. 

55 Instead, information indicating the type of call that is wait- 
ing is contained in a signal received over the outgoing 
connection that is established by the PDA. The PDAthen 
activates the appropriate one of its alerter and voice 
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communication unit, fax modem, or data modem in re- 
sponse to the received signal. 

In either of the foregoing exemplary embodiments, 
in accordance with the principles of the invention, the 
PDA owner is only alerted 1 ) after the information trans- 
mission has successfully completed and the received in- 
formation is waiting in the PDA for the owner, or 2) when 
a connection has successfully been established to a 
so-called "meet me" unit and an indication is received 
therefrom indicating that the caller remains on the call, 
unless the call screening mode is active. 

Brief Description of the Drawing 

In the drawing: 

FIG. 1 shows an arrangement for providing trans- 
parent personal telecommunications services, in 
accordance with the principles of the invention; 

FIG. 2 shows, in blockdiagram form, a more detailed 
view of a personal communications unit shown in 
FIG. 1; 

FIG. 3 shows, in block diagram form, an expanded 
view of the bridging and signaling unit shown in FIG. 

1; 

FIGs. 4 and 5, when connected together, show a 
flow chart of an exemplary process for completing a 
call placed to the personal number of an individual 
associated with the personal communications unit 
shown in FIG. 1; and 

FIGs. 6 and 7, when connected together, show a 
flow chart of an exemplary process performed by the 
PDA of FIGs. 1 and 2 for completing an information 
transfer or establishing a voice telephone call. 

Detailed Description 

FIG. 1 shows arrangement 100 for providing trans- 
parent personal telecommunications services, in accord- 
ance with the principles of the invention. A caller places 
a telephone call from a) calling telephone 1 01 , b) fax ma- 
chine 1 02 or c) data terminal 1 04, having a built-in data 
modem, to the personal telephone number of an individ- 
ual associated with, e.g., owner of, personal digital as- 
sistant (PDA) 103. The caller's telephone call passes 
over telephone line 105 to central office 107. Central of- 
fice 1 07, in turn, routes the call to bridging and signaling 
unit 109, which is associated with the called number. 
PDA 103 is also associated with the called personal tel- 
ephone number, as discussed further below. 

Current United States telephone practices generally 
require that at leastthe one local exchange carrier (LEC), 
containing central office 107, routes the caller's tele- 
phone call. Also, the caller's telephone call may be rout- 


ed via an inter-exchange carrier, represented by toll 
switch 111, and another local exchange carrier, repre- 
sented by central office 1 1 3. Central offices 1 07 and 1 1 3 
may be the same office. If so, the call would not pass 
s through any inter-exchange carrier or any other central 
offices. 

Bridging and signaling unit 109 is a so-called "meet 
me bridge" or "meet me unit" for connecting at least two 
incoming communications to each other. Upon receipt of 

io the caller's telephone call, bridging and signaling unit 
109 forwards paging information to paging node 115. 
The paging information includes a predetermined code 
that uniquely identifies the called individual's PDA 103 
and, if not predetermined, an identification of a location 

15 to which a return connection, e.g., telephone call which 
may carry modulated data or a data connection, must be 
established, in orderto connect with or "meet" the caller's 
call. If the return connection is to be a telephone call, the 
identity of the location to which the return connection is 

20 to be made is in the form of a telephone number and the 
return connection is known as the return call. Optionally, 
the paging information includes an indication of the type 
of call being made to the PDA. It is noted that a copy of 
the predetermined code is stored within PDA 103. Pag- 

25 jng node 1 1 5 causes a paging signal containing the pag- 
ing information to be broadcast from paging tower 119. 
Paging systems are well known in the art. 

The telephone number of the return connection may 
be a translatable, e.g., 800-type, of telephone number. 

30 An advantage of using an 800-type of telephone number 
is that it allows PDA 103 to place the return connection 
without having any information about the area code of 
the telephone line to which it is connected. This is be- 
cause calls to 800-type telephone numbers are unlike 

35 calls to conventional telephone numbers. Calls to con- 
ventional telephone numbers employ the area code for 
routing purposes. Such calls require the explicit dialing 
of the area code of the destination location for calls 
placed from one area code to another and that no area 

40 code be dialed for calls placed within a single area code. 
However, 800-type telephone numbers employ the 800 
area code to indicate that the telephone network should 
translate the telephone number to its corresponding des- 
tination location. As such, the 800 area code must al- 

45 ways be dialed for such calls to give this indication to the 
telephone network, even if the destination location is 
within the same area code as the location of the caller. 

PDA 103 receives paging signals transmitted from 
paging tower 119. In the event that the code contained 

50 within the paging information of a paging signal matches 
the predetermined code stored in PDA 103, and call 
screening is not being employed, PDA 1 03 automatically 
establishes a connection, which is the return connection 
or call, to the location, e.g., telephone number or data 

55 address, specified in that page, over a communication 
channel, e.g., a wireless communication channel. As 
such, central office 121, which is a mobile telephone 
switching office (MTSO), receives the return connection 
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via antenna 117, and routes it to bridging and signaling 
unit 109. To this end, central office 121 may route the call 
via an inter-exchange carrier, represented by toll switch 
133, and another local exchange carrier, represented by 
central office 113. The routing of return connections to 
800-type telephone numbers follows well-known practic- 
es in the art for routing calls to 800-type telephone num- 
bers. U.S. Patent No. 4,191,860 issued to R. P. Weber 
on March 4, 1980, describes one system for routing and 
translating 800-type numbers. The association of central 
office 121 with database 135 and toll switch 133 with da- 
tabase 1 37 aids in the routing process. 

Unless call screening is employed, PDA 103 alerts 
the called individual to the existence of a voice telephone 
call placed to his personal number only upon an indica- 
tion that the call from calling telephone 101 remains in 
progress, in accordance with an aspect of the invention. 
To this end, upon receipt of the return connection, bridg- 
ing and signaling unit 109 continually determines if the 
call from telephone 1 01 remains in progress. As long as 
the call fromtelephone 101 remains in progress, bridging 
and signaling unit 109 sends a so-called "in-progress" 
signal, over the return connection, to PDA 103. PDA 103 
begins toalert upon receipt of the in-progress signal. Fur- 
thermore, in accordance with an aspect of the invention, 
personal communications unit 1 03 continues to alert only 
during continued reception of the in-progress signal or 
until it detects telephone 125 having gone off-hook while 
PDA 103 was still alerting. To complete the caller's call, 
in accordance with aspects of the invention, PDA 103 
connects speakerphone 125 to the wireless telephone 
call if the owner of PDA 103 takes it off-hook while it is 
alerting. At that time, bridging and signaling unit 1 09 con- 
nects the caller's call from telephone 101 to the return 
connection. As a result of these connections, the caller 
at telephone 1 01 can converse with the called individual 
at telephone 125. 

In accordance with the principles of the invention, 
PDA 103 does not alert the called individual as to the 
existence of an information call upon a) receiving a page 
indicating an information call or b) connecting to bridging 
and signaling unit 109 when the type of call is not con- 
tained in the paging information. Instead, PDA 103 im- 
mediately establishes the return connection and, upon 
its successful establishment, PDA 1 03 automatically en- 
gages in information transfer with bridging and signaling 
unit 109 until all the information is received and stored 
in PDA 103. The received information may be stored in 
a file. In accordance with an aspect of the invention, only 
once the information transfer is complete does PDA 1 03 
alerts the called individual. Thus, advantageously, the 
called individual is not disturbed until PDA 1 03 has useful 
information to present to him. 

It is noted that the useful information may be that the 
desired information could not be correctly received. To 
this end, PDA 103 may give a first type of alerting, e.g., 
a particular tone pattern, if the information was success- 
fully transferred to PDA 1 03, and a second type of alert- 


ing, e.g., a different particular tone pattern, if the infor- 
mation transfer was not successful. For successful infor- 
mation transfers the alerting may include a display of the 
name of the received file. 

s FIG. 2 shows, in block diagram form, a more detailed 

view of the communication apparatus of PDA 1 03. Page 
receiver 201 receives paging signals transmitted from 
paging tower 1 1 9 via paging antenna 203. Page receiver 
201 also stores the predetermined code associating an 

10 individual with PDA 1 03. Mobile telephone controller 209 
controls the mobile telephone functions of PDA 1 03 and 
it is connected to the speaker and microphone that make 
up speakerphone 125. Link 811 connects mobile tele- 
phone controller 209 to radio transceiver 807. Link 211 

15 connects mobile telephone controller 209 to control unit 
205. Wireless modem 225 is also connected to control 
unit 205 and radio transceiver 807. Wireless modem 225 
is able to receive and transmit both conventional data 
and conventional facsimile signals. 

20 in response to the reception of a paging signal con- 
taining paging information having this PDA's particular 
code, page receiver 201 sends to control unit 205, over 
link 207, the received indication of the location to which 
PDA 1 03 must establish the return connection. As noted, 

25 this location indication, e.g., a telephone number, if not 
predetermined, is part of the paging information. 

If the paging information includes an indication of the 
type of call, e.g., voice or information, control unit 205 
cooperates with mobile telephone controller 209 or wire- 

30 less modem 225 to establish the return connection to the 
proper location over an available wireless channel. To 
this end, radio signals are transmitted and received by 
radio transceiver 807, via antenna 703. The wireless 
channel may, but need not, e.g., for information calls, be 

35 dedicated to the return connection. 

In accordance with an aspect of the invention, for 
voice telephone calls, if the return connection is success- 
fully placed and PDA 1 03 receives an in-progress signal 
indicating that the caller's telephone call continues to be 

40 in progress, control unit 205 signals call alert 213, over 
Iink215, to begin generating an alerting indication. In one 
embodiment, the alerting indication is a predetermined 
beeping tone. Optionally, control unit 205 supplies to dis- 
play 1 31 , over link 217, the identity of the caller, if that 

45 information is available. Either a portion of the paging 
signal or signals supplied over the channel of the return 
connection may provide the caller identity. 

If call screening is employed, PDA 103 begins alert- 
ing upon receipt of the paging information. A return con- 

50 nection need not be immediately established. Instead, 
PDA 103 conveys to its owner, e.g., by displaying on the 
screen or by audibly announcing, an indication of the 
caller's identity. Such an indication may be the caller's 
name, telephone number or a personal identification 

55 number. Typically, identifying information is contained as 
part of the paging information. The PDA owner then de- 
termines if he desires to communicate with the calling 
party If so, he indicates his desire to PDA 103, which 
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then establishes the return connection. PDA 103 need 
not attempt to determine the presence of an in-progress 
signal, as the PDA owner has already been disturbed. 
However, if the calling party is no longer available upon 
completion of the return connection, some indication 
should be given to the called party. 

If the caller's call is an information call, e.g., fax or 
data, in response to receipt of a paging signal that in- 
cludes paging information matching PDA's 103 particu- 
lar code stored in page receiver 201 ; PDA 1 03 establish- 
es a return connection, e.g., a telephone call or a packet 
data call, to either a predetermined location or a location 
supplied to control unit 205, over link 207, which was re- 
ceived as part of the paging information. If the call type 
is indicated by the paging information, control unit 205 
determines the best available channel, e.g., cheapest or 
fastest, given parameters supplied by the PDA owner, 
for establishing the return connection, based on the in- 
dicated call type. Control unit 205 cooperates with either 
mobile telephone controller 209 or wireless modem 225, 
whichever has call origination circuitry, to establish the 
return connection over an available wireless channel. If 
the call type was not indicated by the paging information, 
upon the successful establishment of the return connec- 
tion, bridging and signaling unit 109 transmits to control 
unit 205 a message indicating the call type. Information 
is then transmitted from bridging and signaling unit 109 
to PDA 103 over the return connection via wireless mo- 
dem 225. The information is stored in storage 231 . 

In accordance with an aspect of the invention, upon 
successful completing the information transfer, control 
unit 205 indicates to call alert 21 3, over link 21 5, to begin 
generating an alerting indication. In one embodiment, 
the alerting indication is a predetermined beeping tone. 
Optionally, control unit 205 supplies to display 1 31 , over 
link 217, the identity of the caller, if that information is 
available. Advantageously, the PDA owner is not dis- 
turbed by the alerting until the information is successfully 
transferred to the PDA. 

FIG. 3 shows, in block diagram form, an expanded 
view of bridging and signaling unit 109. Bridging and sig- 
naling unit 109 includes: a) trunk interfaces 401, b) 
DTMF receivers 403, c) bridge control 405, d) voice am- 
plifier and ringback units 407, e) switch fabric 409, f) 
in-band signaling unit 411 , g) trunk interfaces 413 h) in- 
formation store 421 and i) protocol conversion unit 431 . 
Bridge control 405 controls and coordinates the opera- 
tion of bridging and signaling unit 1 09 by communicating 
commands and information over control bus 417. 

Calls placed by callers to personal numbers of indi- 
viduals associated with a PDA 1 03 are received and ter- 
minated at bridging and signaling unit 1 09 by one of trunk 
interfaces 401. In one embodiment, the interface be- 
tween central office 113 and trunk interfaces 401 is the 
same type of interface employed to connect a central of- 
fice to a PBX equipped for direct inward dialing (DID). As 
part of terminating a call, central office 11 3 sends the last 
four digits of the personal telephone number to bridging 


and signaling unit 109 over the trunk. These digits are 
sent as DTMF signals. One of DTMF receivers 403 re- 
ceives the DTMF signals over one of lines 415 and de- 
codes them. It informs bridge control 405 at which of 
s trunk interfaces 401 the call arrived and the decoded four 
digits. 

In response to the reception of the four decoded dig- 
its, bridge control 405 instructs one of voice amplifier and 
audible ring units 407 to supply ringback tone over the 

io one of trunk interfaces 401 at which the call arrived. An- 
swer supervision is supplied so that the type of call may 
be determined. Since answer supervision is supplied, 
the caller is charged for the call until it is answered by 
the called party. The call is then forwarded to protocol 

15 conversion unit 431 to determine the call type. 

Bridge control 405 contains memory 419 which in- 
cludes both data storage and code for operating bridge 
control 405. Memory 419 maps the received four digits 
of the called individual's personal telephone number to 

20 the predetermined code stored in the PDA 103 associ- 
ated with the called individual. Bridge control 405 selects 
an idle one of trunk interfaces 413 at which to receive 
the return connection. The trunks connecting central of- 
fice 11 3 to trunk interfaces 413 are dedicated trunks and 

25 each has its own location indication, e.g., telephone 
number. Thereafter, bridge control 405 supplies to pag- 
ing node 115 (FIG. 1) a) the telephone number of the 
trunk associated with the selected idle one of trunk inter- 
faces 413, as the number for the return connection, b) 

30 the predetermined code of the called individual, and, op- 
tionally, c) the call type, e.g., voice or information. 

Upon receipt of a return connection at the selected 
one of trunk interfaces 413, bridge control 405 deter- 
mines which of trunk interfaces 401 holds the call of the 

35 caller that corresponds to this return connection. In ac- 
cordance with an aspect of the invention, if the caller's 
call is 1) a voice call, 2) still in progress, and 3) call 
screening is not being employed, bridge control 405 
causes in-band signaling unit 411 to transmit an 

40 in-progress signal to PDA 103. If the called individual 
goes off-hook at telephone 1 25 (FIG. 1 ) ; in-band signal- 
ing unit 411 receives a signal from PDA 103 indicating 
this. In response to this signal, bridge control 405 com- 
mands switch fabric 409 to interconnect the caller's call 

45 with its respective return connection. Bridge control 405 
also commands the respective one of voice amplifier and 
ringback units 407 to cease supplying ringback tone to 
the caller and to switch to amplification mode. This is 
necessary because a back-to-back connection of two 

50 separate telephone calls requires amplification to over- 
come the attendant loss of signal strength. Simultane- 
ously, bridge control 405 commands trunk interface 401 
to return the well-known answer supervision signal to the 
caller's call. 

55 |f the caller's call is determined to be an information 
call, and information begins to be received at bridging 
and signaling unit 109 prior to the establishment of the 
return connection, it is necessary to insure that the infor- 
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mation is transmitted to PDA 1 03 and not lost. Therefore, 
such information is stored in information store 421. To 
this end, switch fabric 409 connects the caller's call to 
information store 421 until the return connection is es- 
tablished. Upon receipt of the return connection; it is con- 
nected through switch fabric 509 to protocol conversion 
unit 431 , to determine the protocol being used by the re- 
turn connection. For example, if the return connection 
employs the well known cellular digital packet data 
(CDPD) over the wireless connection to central office 
121 , it is likely that the packet data is being transmitted 
to bridging and signaling unit 109 using the well known 
frame relay protocol. However, the caller's call may be 
transmitted over wired lines from afacsimile machine us- 
ing a conventional fax modem. 

If the caller's call and the return connection are both 
employing the same protocol, a direct connection may 
be established between them via switch fabric 409. If the 
caller's call and the return connection are both employing 
different protocols, they are connected together via 
switch fabric 409 and protocol conversion unit 431, so 
that protocol conversion unit 431 may perform the nec- 
essary protocol conversion. In either case, if information 
from the caller's call is stored in information store 421, 
the return connection is connected to the caller's call 
through information store 421. The initially stored infor- 
mation may thus be first supplied to PDA 1 03 while fur- 
ther information that continues to arrive on the caller's 
call is buffered in information store 421 . Advantageously, 
buffering the information permits the resending of all or 
part of the information in the event of a transmission er- 
ror. Upon successfully transmitting the information, it is 
deleted from information store 421. 

FIGs. 4 and 5, when connected together, show a 
flow chart of an exemplary process performed in the tel- 
ecommunications equipment outside of PDA 103 for 
completing a call placed to the personal number of a 
called individual associated with one of PDA 103 (FIG. 
1 ). The process begins in step 501 (FIG. 5) when a caller 
at calling telephone 101 (FIG. 1), fax machine 102, or 
terminal 104 decides to place a call to the personal 
number of the individual associated with PDA 103. To 
this end, in step 503, the caller dials the called individu- 
al's personal number from the calling device. A local ex- 
change carrier (LEC) routes the call to bridging and sig- 
naling unit 109 in step 505. Thereafter, in step 507, the 
LEC suppliesthe called number and ; if available, the call- 
ing number to bridging and signaling unit 109. 

In step 509, bridging and signaling unit 109 supplies 
ringback tone to telephone 101. Next, in step 511, the 
type of call being originated, i.e., information or voice, is 
determined. Bridging and signaling unit 109 sends to 
paging node 115 the paging information, i.e., the prede- 
termined code of the called individual that is stored within 
PDA 1 03 and, optionally, the telephone number to which 
the return connection must be made and the call type, in 
step 513. In step 515, paging tower 119 broadcasts a 
paging signal that includes the paging information. Next, 


conditional branch point 517 tests to determine if the call- 
er's call is an information call. 

If the test result in step 51 7 is NO, indicating that the 
caller's call is a voice call, control passes to conditional 
s branch point 51 9, which tests to determine if the return 
connection has been received from PDA 103. If the test 
result in step 51 9 is NO, control passes back to step 519 
to await the return connection. If a predetermined time 
has passed, the process may be exited. If the test result 
io in step 51 9 is YES, control passes to conditional branch 
point 521 , in which bridging and signaling unit 109 tests 
to determine if the caller's call remains in progress. If the 
test result in step 521 is YES, control passes to step 523, 
in which bridging and signaling unit 109 sends an 
15 in-progress signal from in-band signaling unit 411 . 

Control next passes to conditional branch point 525, 
which tests to determine if PDA 103 has taken speaker- 
phone 125 off-hook. If the test result in step 525 is YES, 
control passes back to conditional branch point 521 , 
20 which tests to determine if PDA 1 03 continues to receive 
the in-progress signal. If the test result in step 525 is NO, 
control passes to step 527 in which bridging and signal- 
ing unit 109 stops sending ringback tone to telephone 
101. Next, in step 529, switch fabric 409 (FIG. 4) inter- 
ns connects the caller's call and the return connection at 
bridging and signaling unit 109. This allows the caller to 
talk with the called individual. The process is then exited 
in step 531 . 

If the test result in step 521 is NO, bridging and sig- 
30 naling unit 1 09 sends a disconnect signal to PDA 1 03 in 
step 533. Next, bridging and signaling unit 109 goes 
on-hook, in step 535. Thereafter, the process is exited in 
step 531 . 

If the test result in step 517 is YES, indicating that 
35 the caller's call is an information call, i.e., fax or data, 
control passes to conditional branch point 537, which 
tests to determine if information transmission from the 
caller's location has begun. If the test result in step 537 
is NO, control loops back to step 537 to await the begin- 
40 ning of information transmission. A time limit may be set 
which, if exceeded, will cause the process to be exited. 
If the test result in step 537 is YES, control passes to 
conditional branch point 539, which tests to determine if 
a return connection has been established. If the test re- 
45 suit instep 539 is NO ; control passes to step 541 , in which 
bridging and signaling unit 109 causes the information 
source to be connected to memory for this call in infor- 
mation storage 421. Control then passes back to step 
537. 

50 |f the test result in step 539 is YES, indicating that, 
in response to the page, PDA 1 03 has established a suc- 
cessful return connection, control passes to conditional 
branch point 543, which tests to determine if the com- 
munication protocols of the caller's call and the return 

55 connection are the same. If the test result in step 543 is 
NO, control passes to step 545, in which bridging and 
signaling unit 109 sets up a path for the information 
through protocol conversion unit 431 . If the test result in 
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step 543 is YES, or after execution of step 545, control 
passes to step 547, in which the caller's call is bridged 
to the return connection. Next, in step 549, the informa- 
tion is transmitted from bridging and signaling unit 109 
over the return connection to PDA 103. This transmis- 
sion is performed by including the memory of information 
store 431 as a delay in the transmission path if any in- 
formation has been stored in step 541 . Thus, the stored 
information is first transmitted while additional incoming 
information continues to be stored for transmission at the 
appropriate time in a first in, first out fashion. When the 
memory for this information transfer is empty, it may be 
retained in the path with essentially zero delay or it may 
be bypassed. 

Conditional branch point 551 tests to determine if the 
information transmission has successfully completed. If 
the test result in step 551 is NO, control passes to con- 
ditional branch point 553, which tests to determine if the 
caller is still sending data. If the test result in step 553 is 
YES, indicating that the caller has not yet transmitted all 
the information to bridging and signaling unit 1 09, control 
passes back to step 549 and information transmission 
continues from the caller to PDA 1 03. If the test result in 
step 553 is NO, indicating that the caller has transmitted 
all the information to bridging and signaling unit 109, con- 
trol passes to step 555, in which the caller is disconnect- 
ed. Control then passes back to step 549 to continue 
transmitting any previously stored information to PDA 
103. 

If the test result in step 551 is YES, indicating that 
the information transmission has successfully complet- 
ed, control passes to step 557 and both connections are 
torn down. The process then exits in step 531 . 

FIGs. 6 and 7, when connected together, show a 
flow chart of an exemplary process performed by PDA 
103 for completing an information transfer or establish- 
ing a voice telephone call. The process begins in step 
701 when PDA 103 receives the paging signal. Next, in 
step 703, PDA 103 seizes a wireless communication 
channel, e.g., a telephone channel or a CDPD channel. 
In one embodiment of the invention, the type of channel 
may be determined in response to the call type received 
in the paging information and prestored parameters of 
the PDA owner. In step 705, PDA 103 establishes the 
return connection to bridging and signaling unit 1 09. This 
may be achieved by dialing atelephone number, e.g., an 
800-type telephone number, received as part of the pag- 
ing information or establishing a packet data session. 
Central office 121 routes the return connection through 
to bridging and signaling unit 109. 

Conditional branch point 707 tests to determine the 
call type, e.g., information or voice. In one embodiment 
of the invention, this test is performed by examining the 
type signal supplied as part of the paging information. In 
another embodiment of the invention, the call type may 
be supplied from bridging and signaling unit 109 as an 
in-band signal over the return connection. If the test re- 
sult in step 707 is INFORMATION, indicating that the 


caller has placed an information call, control passes to 
step 709, in which PDA 103 begins to receive the infor- 
mation being transmitted from bridging and signaling unit 
109. The information is stored in storage 231, e.g., in a 
s file. 

Next, conditional branch point 711 tests to determine 
if the information transmission is complete. If the test re- 
sult in step 711 is NO, indicating that information contin- 
ues to be transmitted, control passes back to step 709 

io to receive additional information. If the test result in step 
711 is YES, control passes to conditional branch point 
713, which tests to determine if any uncorrectable errors 
occurred during the course of transmission. 

In accordance with the principles of the invention, if 

15 the test result in step 71 3 is NO, indicating that any errors 
in the received information have been corrected, and 
thus the information received is valid and complete, con- 
trol passes to step 717, in which PDA 103 begins alert- 
ing. The alert may be a distinctive tone that distinguishes 

20 an information call from a voice call, thus informing the 
PDA owner that information now resides in the PDA for 
access at his convenience. Furthermore, the alerting 
may also distinguish between the types of information 
that may be received, e.g., data or facsimile, as well as 

25 the urgency of the information. The alerting may continue 
indefinitely or may only continue for a predetermined 
time period. Both audible and visual alerting may be sup- 
plied and these may each continue for independent time 
periods. Control then passes to step 719 and PDA 103 

30 goes on-hook, thus causing the return connection to be 
torn down. The process is then exited in step 721. 

In accordance with an aspect of the invention, if the 
test result in step 71 3 is YES, indicating that errors in the 
received information could not be corrected, and thus the 

35 information received is invalid or incomplete, control 
passes to conditional branch point 723, in which PDA 
103 tests to determine if retransmission of the informa- 
tion is possible. Retransmission would be possible if the 
information remained stored in information store 421 in 

40 bridging and signaling unit 109 or if the transmitting unit, 
e.g.. fax machine 102 or terminal 104, has retransmis- 
sion capabilities. Such retransmission capabilities would 
be indicated to PDA 1 03 as handshaking information pri- 
or to the start of information transfer. 

45 |f the test result in step 723 is YES, indicating that 
retransmission is possible, control passes to step 725, 
in which PDA 103 requests retransmission of the infor- 
mation. Control then passes back to step 709 to receive 
the retransmission. If the test result in step 723 is NO, 

50 indicating that retransmission is not possible, control 
passes to step 719, in which PDA 103 goes on-hook. It 
is noted that even if retransmission capabilities are avail- 
able, if retransmission has been attempted more than a 
predetermined number of times, step 723 may determine 

55 that retransmission is not possible. The process is then 
exited in step 721 . 

If the test result in step 707 is VOICE, indicating that 
the caller has placed a voice call, control passes to con- 
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ditional branch point 731 , which tests to determine if the 
caller's call is still in-progress, i.e., is the in-progress sig- 
nal from bridging and signaling unit 1 09 continuing to be 
received. If the test result in step 731 is YES, control 
passes to step 733, in which PDA 103 begins alerting in 
response to reception of the in-progress signal. Control 
next passes to conditional branch point 735, which tests 
to determine if PDA 103 (FIG. 1) has gone off-hook. If 
the test result in step 735 is NO, control passes back to 
conditional branch point 731 . If the test result in step 735 
is YES, control passes to step 737, in which PDA 103 
sends to bridging and signaling unit 109 an in-band sig- 
nal indicating that telephone 125 has gone off-hook. Al- 
so, alerting by PDA 1 03 ceases. The process is then ex- 
ited in step 721. The caller and PDA owner may now con- 
verse with each other. 

At the end of the conversation, either the caller or 
the called individual will go on-hook. At that time, the call 
between the on-hook party and bridging and signaling 
unit 109 is taken down. Furthermore, bridging and sign- 
aling unit 109 causes the call by the party not going 
on-hook to be taken down as well 

If the test result in step 731 is NO, control passes to 
optional step 739, in which PDA 103 stops alerting, if it 
had been alerting. Next, in step 741, PDA 103 goes 
on-hook, causing the return connection to be torn down. 
The process is then exited in step 739. 

In another embodiment of the invention, bridging 
and signaling unit 109 does not supply a telephone 
number to paging node 1 1 5 for every return connection. 
Instead, each PDA 103 always places the return call to 
the same predetermined telephone number. Central of- 
fice 121, toll switch 133 and central office 113 route re- 
turn connections placed to this numberto available ones 
of trunk interfaces 41 3. Upon completing the return con- 
nection to the supplied number, PDA 103 supplies, via 
in-band signaling unit 307 (FIG. 2), its predetermined 
code from page receiver 201 (FIG. 2). Bridging and sig- 
naling unit 109 receives this code via in-band signaling 
unit 1 1 1 and supplies the code to bridge control 405 (FIG. 
4). Bridge control 405, employing memory 41 9, maps the 
received code to the one of trunk interfaces 401 holding 
the caller's call. If the caller's call is still in progress, 
in-band signaling unit 411 transmits the in-progress sig- 
nal. Thereafter, the operation proceeds as described 
above. 

In another embodiment of the invention, trunk inter- 
faces 401 and 413 terminate all digital transmission fa- 
cilities, e.g., T-1 or ISDN primary rate interfaces (PRI). 
However, the functionality of trunk interfaces 401 and 
413, that of receiving, holding, and identifying telephone 
calls, remains the same. The design of such trunk inter- 
faces is well known in the art. Also, such embodiments 
of the invention can include the processing of both 
in-band and out-of-band signals. To this end, in-band sig- 
naling units 307 (FIG. 3) and 41 1 are replaced by in-band 
or in and out-of-band signaling units. The design of such 
signaling units will be readily apparent to those skilled in 


the art. 

As noted above, display 1 31 can display the number 
of the caller if PDA 103 receives the necessary informa- 
tion. The paging information may contain the caller's 
s number. Alternatively, bridging and signaling unit 109 
may supply the caller's number as part of the in-band 
signals it supplies from in-band signaling unit 411 (FIG. 
4). 

The foregoing merely illustrates the principles of the 
io inventions. It will thus be appreciated that those skilled 
in the art will be able to devise various arrangements 
which, although not explicitly described or shown herein, 
embody the principles of the invention and are thus with- 
in its spirit and scope. 

15 

Claims 

1. Apparatus in a personal digital assistant (PDA) for 
20 use in completing a call from a calling party that is 

waiting to be connected to a called party, CHARAC- 
TERIZED BY: 

a receiver for a wireless actuation signal that 
indicates that a communication is waiting for said 

25 called party, said communication being one of a plu- 
rality of communication types; 

an outgoing connection origination unit that 
establishes a connection from the PDA to a bridge 
holding the waiting communication; 

30 at least one communication unit within the 

PDA that handles signals of the type of communica- 
tion that is waiting; and 

means for making a determination as to the 
type of communication that is waiting and for routing 

35 signals received over the connection established 
from the PDA to said at least one communication 
unit. 

2. The invention as defined in claim 1 further CHAR- 
40 ACTERIZED BY: 

means for storing information transferred over 
said outgoing connection; 

means for alerting; and 

means for actuating said alerting means when 
45 the type of communication that is waiting is informa- 
tion only after said information is successfully trans- 
ferred to said PDA and stored in said means for stor- 
ing. 

50 3. The invention as defined in claim 1 further CHAR- 
ACTERIZED BY: 

means for alerting; and 
means for actuating said alerting means prior 
to said called party being connected to said calling 
55 party when the type of communication that is waiting 
is voice. 

4. The invention as defined in claim 3 further CHAR- 
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ACTERIZED BY: 

means for detecting a signal indicating that 
said call from said calling party remains in progress 
and wherein said means for actuating only actuates 
said alerting means while said in-progress signal is 
received. 

5. The invention as defined in claim 1 CHARACTER- 
IZED IN THAT said outgoing connection is estab- 
lished over the most cost effective channel. 

6. The invention as defined in claim 1 CHARACTER- 
IZED IN THAT said outgoing connection is estab- 
lished over the most efficient channel. 

7. The invention as defined in claim 1 CHARACTER- 
IZED IN THAT said wireless actuation signal 
includes an indication of the identity of said calling 
party and said apparatus further includes: 

means for extracting said indication of the 
identity of said calling party from said wireless actu- 
ation signal; and 

means for conveying said extracted identity to 
said called party. 

8. The invention as defined in claim 7 CHARACTER- 
IZED IN THAT said means for conveying comprises 
means for displaying said extracted identity to said 
called party. 

9. The invention as defined in claim 7 CHARACTER- 
IZED IN THAT said means for conveying comprises 
means for audibly indicating said extracted identity 
to said called party. 

10. A method for use in a personal digital assistant for 
use in completing a call from a calling party that is 
waiting to be connected to a called party, the method 
CHARACTERIZED BY the steps of: 

receiving a wireless actuation signal that indi- 
cates which of a voice call or an information call is 
waiting for said called party; 

responsive to said wireless actuation signal, 
making a determination as to which of a voice call 
or information call is waiting; 

establishing a connection to a meet me unit at 
which said call from said calling party is waiting; 

responsive to said determination, alerting said 
user when said waiting call is a voice call; and 

responsive to said determination, activating an 
information communication device to receive an 
information transmission when said waiting call is an 
information call. 

11. The invention as defined in claim 10 further CHAR- 
ACTERIZED BY the step of alerting said user when 
said determination is information only when said 
information is successfully received. 


12. The invention as defined in claim 1 0 further CHAR- 
ACTERIZED IN THAT said wireless actuation signal 
includes an indication of the identity of said calling 
party and said apparatus further includes: 
s extracting said indication of the identity of said 

calling party from said wireless actuation signal; and 
conveying said extracted identity to said called 

party. 

io 13. A method for use in completing a call that is initiated 
from a calling station to a called individual CHAR- 
ACTERIZED BY the steps of: 

receiving a call placed to a portable digital 
assistant of said called individual from said calling 
is station; 

transmitting a signal for actuating said portable 
digital assistant of said called individual; 

receiving a connection originated from said 
portable digital assistant to a predetermined number 
20 in response to said signal for actuating; 

checking if said call from said calling station 
and said received connection employ a common 
protocol; 

converting said call from said calling station 
25 and said received connection to a common protocol 
only if the result of said step of checking is affirma- 
tive; and 

connecting the common protocol representa- 
tion of said call from said calling station and said 
30 received connection together. 

1 4. Apparatus for use in completing a call that is initiated 
from a calling station to a called individual CHAR- 
ACTERIZED BY: 

means for receiving a call placed to a portable 
digital assistant of said called individual from said 
calling station; 

means for transmitting a signal for actuating 
said portable digital assistant of said called individ- 
ual; 

means for receiving a connection originated 
from said portable digital assistant to a predeter- 
mined number in response to said signal for actuat- 
ing; 

means for checking if said call from said calling 
station and said received connection employ a com- 
mon protocol; 

means for converting said call from said calling 
station and said received connection to a common 
protocol only if the result of said step of checking is 
affirmative; and 

means for connecting the common protocol 
representation of said call from said calling station 
and said received connection together. 
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